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Comprehensive analysis and screening of compensation ability evaluation

indicators for soybeans in relay strip intercropping system
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Abstract: To explore the methods on evaluating and analyzing compensation growth ability, and to compare
difference among soybean cultivars in light recovery period in relay intercropping, 136 soybean cultivars ( lines)
were planted in a field experiment under natural light condition and shade + light recovery condition. 14 morphology
traits were investigated on 30 days after light recovery, the yield of soybean per plant was investigated at the mature
period. Principal component analysis, membership function method, cluster analysis and stepwise regression analy-
sis were used to comprehensively evaluate the compensation growth ability based on compensation coefficient of all
indexes calculated from both treatments. Results showed that 4 independent comprehensive components were extrac-
ted from 14 single indexes by principal component analysis. 136 soybean cultivars (lines) were divided into 5
groups, the compensation growth ability of the VI group (10 cultivars) showed the strongest compensation growth a-
bility and the highest yield. The mathematical evaluation model for soybean compensation growth ability was estab-
lished as D= —1.314 +1.110 X, +0.623 X, +0.831 X, +0.642 X,, (R* =0.990). Based on the model,
aboveground dry weight, leaf area, SPAD, and middle section diameter after light recovery could be used for iden-
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tification index of soybean varieties to compensation growth ability.

Key words:Soybean; Relay strip intercropping; Compensation growth; Principal components analysis; Mem-

bership function method; Hierarchical cluster analysis; Stepwise regression analysis method
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Table 1 Varieties used in this experiment

AT T KT A R R

Variety Growth period/d Origin Variety Growth period/d Origin
B & 12 Nandou 12 134 PgJi Sichuan T 256 —1 Nan256 -1 141 puJil Sichuan
#% iz & Huangpidou 130 H K Chongqing /IN#E 2 Xiaohuangdou2 141 puJi] Sichuan
J~ 12 Guang 12 115 I M Guangzhou 5M4/N#% 5. Heshaoxiaohuangdou 141 Py )i Sichuan
B K5 1 Xiadadou 1 130 2 F Yunnan ¢85 5. Hualiandou 134 puJil Sichuan
J~ 11 Guang 11 134 I~ Guangzhou Z#H. K 5 Rongxiandadou 141 puJil Sichuan
J\H # 1 Bayuehuang 1 134 K Chongqing /N 3 Xiaohuangdou3 134 puJi] Sichuan
4 X56 Nannong X56 130 i 5 Nanjing #iE Yuenan 134 #iFg Vietnam
]~ 15 Guang 15 134 I Guangzhou K57 Dakedou 134 pgJil Sichuan
B 05 -4 Yuexia 05 -4 141 I~ Guangzhou GWZ1 132 puJil Sichuan
JUH # 1 Jiuyuehuang 1 134 pu)i| Sichuan 3¢5 Caidou 134 H 7% Japan
# 2 Huangpi 115 M Guizhou BRIZ & Qiuxidou 134 puJil Sichuan
J" 2 Guang 2 120 I Guangzhou + H # Shiyuehuang 134 puJil Sichuan
1822 5 Luosidou 115 pg)i] Sichuan 1% H 5. Deyangdou 114 puJil Sichuan
KIE & Dayuandou 130 pu)i| Sichuan i K E -2 Pingwudadou —2 134 puJil Sichuan
J”5 Guang 5 141 I Guangzhou K ¥ 5. Dahuangdou 134 puJil Sichuan
J 3 Guang 3 130 I Guangzhou /IN#E 4 Xiaohuangdoud 122 pgJil Sichuan
HEAH Ganguhuang 134 pg)i] Sichuan 71 109 Gongl09 119 P4 )i Sichuan
] 14 Guang 14 122 I~ Guangzhou #7805 -1 Ynagchen - 1 134 Py Ji] Sichuan
J" 9 Guang 9 122 I Guangzhou A5 5 Qianshanwudou 130 YLPY Jiangxi
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Variety Growth period/d Origin Variety Growth period/d Origin
JK 5. Huidou 134 puJi| Sichuan [ I 5 Qingpitiangengdou 134 YLV Jiangxi
TIIE 5 5 Gongxuan 5 134 pgJi Sichuan "1 5. Luomendou 134 YLV Jiangxi
T 5.2 5 Gongdou 2 122 PgJi Sichuan KPRk Dahuangzhu 130 YLV Jiangxi
JULH %% 2 Jiuyuehuang 2 124 pg)i Sichuan FIFET = Baoshanpingdingdou 130 YLPY Jiangxi
X 3 5 Guixia 3 134 J7 74 Guangxi 2B 2% 7 & Chongminglvpidou 102 i Shanghai
SY006 130 pgJi Sichuan SY001 134 i Shanghai
SY005 134 H 7 Japan 111 791 Baoshan791 120 i Shanghai
B2 E Weiyuanheidou 134 Jg)i] Sichuan J\H & Bayuedou 134 -7 Shanghai
1§ 5 Tiangengdou 122 puJi| Sichuan HI/\H# Yishanbayueqing 122 J7 75 Guangxi
F£ 5. Maodou 134 pg)i| Sichuan # 5 15 Qingdou 1 118 J 7 Guangxi
A3 E 5 Xibaimaodou 134 pg)1] Sichuan FH K& Qinglidadou 118 WL Zhejiang
/N 1 Xiaohuangdou 1 134 pu)i] Sichuan H % JC Baixiangyuan 118 Wil Zhejiang
%R . Luoquandou 134 PgJi Sichuan SY002 118 WiVl Zhejiang
ik 1 5 Dazhou 1 134 pg)i| Sichuan SY003 120 WL Zhejiang
9923(@) 134 H K Chongqing SY004 124 VI.75 Jiangsu
fe 5 3 5 Huaxia 3 134 J~ M Guangzhou BEPH A ¥ 5 Liyangdazidou 120 YL75 Jiangsu
AH1/\H % Bendibayuehuang 134 pg)i| Sichuan Hit i 75 . Ruiligingdou 134 2 Yunnan
= F T 04 — izt
Gi?@i}fﬁm 32 122 VI Sichuan Baoshjfcllllgnagr?;rilii}lagdou 122 £ Yunnan
P45 6 5 Qiandou 6 114 HtM Guizhou Fi % B2 & Yaanheidou 118 puJil Sichuan
Hh 5 B B A Difangziliuzhong 130 H K Chongqing 18 PH&% iz & Jianyanglupidou 120 Py )i Sichuan
THE  Gantiandou 130 PgJi| Sichuan Qfﬁ]ﬁfﬁﬁiﬁidﬁli 1 120 - Anhui
Jij;uéhir?gfs 134 puJi| Sichuan Jiaﬁaﬁ?i@?@iﬁ e%g%a 0 124 pu)il Sichuan
B4R X54 NannongX54 120 ™ &t Nanjing 52K 6 5 Mengqing 6 120 “Z4 Anhui
¥ HEF Zhuyaozi 134 pg)1] Sichuan 5% 11 Texuanl 1 122 K Chongqing
5 FO44 - 255 NanF044 - 255 134 PYJI| Sichuan # 135 T Yixiangingdou 130 LA Anhui
B4 H Weiyuandongdou 134 PgJi Sichuan 248 Zihuadou 134 I ZR Shandong
JUH # 4 Jiuyuehuangd 134 pg)i] Sichuan Azt & Bendilvdou 134 pgJi] Sichuan
25§ Dongdouzi 134 H K Chongqing 7 BH- 35 5. Qingyangzaohuangdou 130 4 Anhui
J~ 1 Guang 1 130 J~JH Guangzhou Jb 5T Beijingdou 130 Jb 5T Beijing
NTS1007 134 WA F)I. Australia Jianﬁfij?&yﬁeﬁ%g{fanl 122 puJil Sichuan
Naﬁiﬁgjzagzéz_zz_ ) 114 puJi| Sichuan KA #E & Dalihuangdou 122 YLV Jiangxi
Y8 & Henandou 118 H K Chongqing B KM & Hengfengdayedou 122 YLPY Jiangxi
Tk 369 — 1 Gongqiu369 -1 141 puJi| Sichuan b 28457 Shanghaiciguqing 130 -7 Shanghai
40 1B & Xibaimaodou 134 P4 Ji] Sichuan T A% Ganbusi 130 P4Jil Sichuan
T FO5 - 62 NanF05 - 62 134 PuJi| Sichuan i /\ H #& Shanghaibayuehuang 134 _F ¥ Shanghai
# 7% & Huangkedou 134 PuJi| Sichuan Daocﬁiﬁii;iﬁfggdou 134 pu)il Sichuan
#7: . Huangkehan 120 puJi| Sichuan Wuyifj;i?ﬁffq%gdou 122 YLVY Jiangxi
H5ik 13 Texuanl3 130 H K Chongqing T 032 —4 Nan032 -4 122 P4 )i Sichuan
B 5. 021 — 1 Nandou021 -1 130 P4 Ji] Sichuan VLI 2 K5 Jiangpuheidadou 122 VL.75 Jiangsu
Gfg@(qil;gd(?usog § 8 134 Pujil Sichuan  FEPHA L # T Liyangdawuhuangdou 117 L5 Jiangsu
9923 130 H K Chongqing Al K 5. Niufodadou 122 pgJi] Sichuan
&K & Dongdadou 134 pg)i] Sichuan Ik 2K & Yongshengheidadou 114 4 Yunnan
Tk 1 5 Gongxuan 1 128 pu)i] Sichuan 43P BER Jintangebixiang 122 YL} Jiangsu
BA 1L 5. Yinshandou 138 PuJi| Sichuan £ I% M BA T Jintanwanheidou 107 VL.75 Jiangsu
/INKEHZE Xiaoshuibaimao 128 P4 )i Sichuan MI2EK Heizhenzhu 114 ® At Nanjing
/NEE Xiaobaimao 138 Jg)i] Sichuan £ B Tuoliangzao 114 YL75 Jiangsu
K & Dabaimao 141 pu)i| Sichuan GWZ2 109 Py Ji] Sichuan
#5 2 & Hepidou 134 PYJi Sichuan JUH # 5 Jiuyuehuang 5 122 puJil Sichuan
J\H & Bayuedou 134 pg)1] Sichuan W45 1 5 Longjie 1 105 puJil Sichuan
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Table 2 Comparison of soybean agronomic traits under different shade treatment

i y Ho b BRI TR SPAD o [ 54
ﬂjlﬁj A3 ADM/ ( g/plant) LA/ (em®/plant) MSD/cm
Time Treat. -

Mean CV Mean CvV Mean CV Mean CV

DRLO Shade 3.19b 0.34 703b 0.37 34.41b 0.27 2.92b 0.44
CK 9.11a 0.27 1 204a 0.26 38.01a 0.22 5.13a 0.21

DRL30 Shade 20.12b 0.27 2 501b 0.32 44.35a 0.25 4.56b 0.21
CK 28.95a 0.22 2 815a 0.30 44.75a 0.21 7.28a 0.13

11 : DRLO \DRL30 73 511378 Y6 SRR 1 2 RADEIIK R )G 30d o /NEFEERIRTE 5% KV L2255 25 . ADM 3 ERRE 5 LA Sk i

B MSD - A i) 5 kL

Note: DRLO, DRL30 indicate the day of light recovery and 30 days after light recovery respectively. Lower case letters indicate significant difference
at 5% . ADM ;aboveground dry mass; LA :leaf area; MSD :middle section diameter
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Table 3 Correlation coefficient between yield and compensation coefficient of agronomic traits after light recovery

X Xz X3 Xy Xs Xe X7 Xg Xo Xio X1 Xi2 Xi3 X4
Xy
X, 0.106
X3 —-0.051 0.744 * *
Xy 0.105 0.904 * * 0.769 * *
X5 -0.035 0.429 * * 0.239* * (.343 * *
Xe -0.138 0.383* * 0.297* * 0.443* * 0.108
X7 -0.081 0.597 * * 0.461* * 0.703* * 0.374* * 0.467 * *
Xg 0.316 * * 0.364* * 0.212* 0.340 * * -0.053 0.282** 0.180*
Xg 0.261 * * 0.699 * * 0.497* * 0.660* * 0.137 0.355* % 0.463* * 0.415* *
X0 0. 109 0.233* * 0.163 0.143 0.205 * -0.013 0.031 -0.15 0.310 * *
X1 0.048 0.555* % 0.397* * 0.441* * 0.472** 0.115 0.354 * % 0.208 * 0.517 * * 0.256
X2 -0.101 -0.526 -0.566 -0.702* * 0.377* * -0.355* * -0.401 * * -0.372* * -0.500 * * 0.028 —-0.085
X3 0.02 0.065 * * —0.035 * -0.042 0.816 * * -0.439* * —-0.001 -0.272 %% -0.162 0.165 0.335* * 0.623 * *
X4 -0.062 -0.337 -0.258 -0.471 % * 0.212 % -0.371* * —-0.727* * -0.262* * -0.396 * * 0.069 -0.096 0.624 * * (0.459 * *
Xis 0.243 = = 0.016 0.503 * * 0.624* * -0.616 * 0.328 * 0.574* * 0.175* 0.082 0.320 * 0.039  -0.205 * -0.129 * -0.126 *

E: X :SPAD, X S5, Xy o T, Xy B AR, X 250K, X2 S5 — 15 DML, X o IR, Xg 2 SMACH, Xo o PRI A5 ML, X2 e IR AR 8, Xy« EZE R X 22K/ BB,
Xp3: 25K/ AT, X g4 25/ PR, X5 BB i o % % R P=0.01 KPR, * 3R P=0.05 KFAHE
Note: X :SPAD, X, :stem mass, X3: leal mass, X4: aboveground dry mass, X5:stem length, Xg: first section diameter, X7 : leal area, Xg: branch number, Xg : middle section diameter, X : lowest

branch height, X :node number on main stem, X :stem length/ aboveground dry mass, X3 :stem length/ first section diameter,X4:stem length/ leaf area,X5:yield per plant. * and * * indicate

significance at 5% and 1% level, respectively
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MR E A T 5. 292 AN JRUR RR AR B
A] S W G RO 1 S iR 35.59% 5 55 2 T E
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Table 4 Eigen vectors and contribution rate of leading principal components of soybean varieties

43 Principle factors

cl, A cl cl,
FFHE(H Eigen value 5.292 2.809 1.417 1.060
Tk Contribution ratio/ % 35.593 18.811 11.517 9.639
S FTHRZE Cumulative contribution ratio /% 35.593 54.404 65.921 75.559
FFAE ] Eigen vector X, -0.112 -0.007 0.838* 0.129
X, 0.834*° 0.239 0.239 0.243
X; 0.744* 0.066 0.022 0.297
Xy 0.906 * 0. 101 0.182 0. 151
Xs 0.267 0.927* -0.062 0.026
X 0.637 -0.176 -0.108 -0.219
X 0.842* 0. 159 -0.097 -0.183
Xy 0.341 -0.105 0.713* -0.293
X, 0. 664 -0.017 0.432 0.339
X0 0.075 0.110 -0.023 0.865*
Xy 0.458 0.505 0.230 0.254
Xis -0.683 0.579 -0.202 -0.101
X3 -0.202 0.937" -0.049 0.113
Xi4 -0.659 0.394 -0.053 0.211

T FORFEARPRAES B b A IR 46 % {E

Note: # Means the biggest absolute value of each index in all factors
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2.4.4 RESMABEEFFESAH KRR
B D HSEAT R (B 1), Al 136 A~ K E
R0 5 28, 2 2R R G A (R ) R PR 19F
WEWFER 6. WF6 rTLIE 5 T IAEah 31 4
A (FR) 5 T RIEELEE 69 A Anfl (RR) , 5 I 280
24 AR (R ) B IV IEBEALAR 10 A ah il (R) 26
VISR 2 M nff (R ) o o 50 V RIEE D
Je B R A T B D B R R A
W IR E i A e, AR KRB I s, S EU™
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x5 WBASERMRBNEEERENE, U(X,). D ERSE
Table S Value of part material’ s comprehensive index (CI), index weight,U(X;) ,D, prediction (VP) and group

Mji ffa . c, c1, c1, cl, W(X)  u(X,)  w(Xy)  u(X,) D%ie é’fﬂ
Bt 12 Nandou 12 2.469  1.064  1.294  0.766  0.934  0.402  0.489  0.290  1.77 I
I3 Bayuehuang  1.884  1.910  0.941  1.327  0.713  0.722  0.356  0.502  2.09 I
KB Dayuandou  0.640 1331 0.590  0.519  0.242  0.503  0.223  0.19 1.87 I
JUA# L Jiuyuehuang 1 2,024 1133 0.521 1153 0.765  0.429  0.197  0.436 1.80 I
FEE 3B Guixia3  1.825  1.184  0.888  0.778  0.690  0.448  0.336  0.294 1.97 I
E3E Huxia3  2.821 1501 1.335  1.043  1.067  0.568  0.505  0.39%4 2.0l I
#)% T Huangpidow  0.722  0.787  0.926  0.302  0.273  0.298  0.350  0.114 1.71 i
Hh T Xiadadou — 1.965  1.626  0.883  1.444  0.743  0.615  0.334  0.546 1.50 i
11 Guangl 1 0.426  1.443  0.706  0.736  0.161  0.546  0.267  0.278 1.42 i
i X56 NannongX56  2.750 1412 1.214  0.968  1.040  0.53  0.459  0.366 1.48 i
WE 05 -4 Yuexia05 -4 2.248  1.622  1.405  0.646  0.850  0.613  0.531  0.244 1.54 i
#)% 5 Huangpidow  3.619  1.55  1.018  1.274  1.369  0.580  0.385  0.482 1.66 i
I 12 Guang 12 1.549  1.210  0.780  0.682  0.585  0.458  0.295  0.258  0.80 mm
I 15 Guang 15 2,020 2323 0.691  1.094  0.764  0.878  0.261  0.414  0.75 m
JUA#2 Jiuyuehuang 2 1.714  0.534 0569 0.292  0.648  0.202  0.215  0.110  0.60 m
225 Tuosidon  3.357  1.503  0.607  0.798  1.269  0.568  0.230  0.302  0.70 i
"5 Guang 5 1705 1.796 0.5  0.873  0.645  0.679  0.211  0.330  0.90 m
HE4 3 Ganguhuang  2.670 1425 0.673  0.510  1.010  0.539  0.255  0.193 0.4 m
5 Huidou 3.5 1619 1.263  1.060  1.360  0.612  0.478  0.401  0.97 m
QTG Xibaimaodou 2.045 1137 0.869  0.490  0.773  0.430  0.329  0.185  2.42 v
cff;i%%ﬁz 2263 0.873  0.840  0.631  0.856  0.330  0.318  0.239  2.49 v
BT Yinshandou  2.387  1.568  1.124  0.822  0.903  0.593  0.425  0.311 2.31 v
JeHi S Dakedou 1518 1112 0.65  0.511  0.574  0.421  0.248  0.193  2.34 v
AA T Bayuedou  2.579  0.654  1.519  0.523  0.975  0.247  0.574  0.198  2.23 v
TEPH KT & Liyangdazidou 2.430 1.252 1.177 0.743 0.919 0.474 0.445 0.281 2.24 v
FERT Yaanheidou  0.715  1.284  0.384  0.672  0.271  0.485  0.145  0.254  2.50 v
W5 Luomendou  2.664  1.583  0.833  0.723  1.007  0.599  0.315  0.273  0.26 \
SRUIERE 1271 1.659  0.651  0.770  0.481  0.627  0.246  0.291  -0.01 v

Chongminglvpidou
LT Weight

2.001 1.062 0.536 0.401




XAMF BRI AMEAERE D

LRE AT A R ARG IR ik 449

R6 EXREAPFRERM(R) REERHFHE

Table 6 Mean value of agronomic traits of different Cluster soybean varieties in light recovery period

G2k H SPAD SL FSD ADM LA MSD LBH NM SL SL SL Yield
Group  Number /em  /em  /(g/plant) /(m*/plant) /cm /cem /ADM  /ASM /LA /(g/plant)
I 31 44.50 95.84 6.32 21.77 0.27 5.31 5.37 16.40 13.31 4.67 16.04 380.00 14.48
I 69 43.82 95.20 5.53 18.18 0.21 4.71 4.68 17.25 12,93  5.40 17.54 480.51 12.90
i} 24 44.09 110.98 5.21 15.20 0.19 4.18 3.86 15.23 11.49 6.67 18.46 553.99 12.88
Vi 10 45.61 99.36 6.35 25.14 0.32 5.33  5.65 17.88 14.03 4.56 17.77 357.35 14.73
\Y 2 43.74 111.91 5.01 13.07 0.15 3.67 3.24 23.13 10.58  8.48  22.32 746.42 11.66

H:SL: 254K FSD 35— 5 #H, ADM : b B8 T 8 LA i A, BN 43R4, MSD : rp ) 354, LBH : S fIR /M8 i , NM : 22545 %K0
Note ; SL:stem length; FSD:first section diameter; ADM ;aboveground dry mass; LA :leaf area; BN;branch number; MSD;middle section diameter;

LBH :lowest branch height; NM:node number on main stem

2.5 [EFSHRIMERE N EEIEFRAERE

R o3 AT A FRIUAR AR S A MERE T Z RN SC R T
TEATSE A ARMEAE KR ) S FR AR, IR AT TR
REJIVEM I B A i 78, AAMEERE 1 25 B PR (B (D
1B VE R A2 o, 2% BI04 A 1 A2 R U B AR fE aF
1T BBy, @ A 7D = - 1,314 +
1.110 X, +0. 623 X, +0. 831 X, +0.642 X, (F =
652.86,P =0.000 0,R*> =0.990) , £ [a] 5] Z& %50 36
Fh e R E, #R Ik B K. R T R 4
AMERN KRG AMEA K BA B & 5, %07 FE )
TR EAMEAERKBETT PEM .
3 i
3.1 SXEWMAERKZN

MY AR LB EZR R, (HARR
WO R B R A AR 2 1Y, B A AR R S B B
B AR BT R A R R AR
TEX IR ERAT S e A K . A BFRIA BT
WEE N AERKHEDH 2586 T B, 2RI 6
MG, 32 23R Iy i AT B RO A 2 3 (Fv/
Fm) S ROGA R S R g oo |
TE— & BYPR I I 6] P, A P RE 3G it e i b 48 AL il
TR R R A R O L) R R T
SYBCA A S ik F R E HO R A PR E oL Ak
JIHH B X ROGIE B 4 RO OG A R
THE AN | L AR AR AR R R
PR Y A NS B I MR K . EEER S
o S HEEYITE R EEVE YO LA S o BB 3R A5 55 2 11
I A RCRIG R, LB AME A K &
PP L e Bk - KEHREFEER S, KE
(M A KX P R TR L S TE B, S S
FEARWER OCIIKE 5, K B39 iR
BN, SRR 2227, SEEOLIRK
CEEEN NN /) AR L NS i ks

Py S/ N R L B T LA T AR A 7
3.2 ERBIMEERBEHNITFNTTIE
BARD)E , RERCA R PUAA KT
Fr AR ARG A5 B IR 2 e 2R 3 A R R, fe 245
T AR IR SR AR A 7= AR BL R, BT AAS BIF 9 R
FTEWLAIE SRR AL A0 7 B PR 48 b5, LU 0
REAMEREST (T ERA PR ALK G . HATET
VEDI TR BR 55 Y C B 5 AMEAE R B 24828 A PN O
TR AR WARGE , A5 188 3 i 48 A st PR 1 it
S T R 15k, PR T R
TEfRBRSEMNE IS AR K AE S . B EIHTRARE
A AR A FE R AME R BOF S AT A G 0y
B, B SOE IR A PR S = AR OGP . RO &2
TS AR BRI AMaE R BT o 0 b, 4 14 A5 E
—IEAREE A N AR A K STk R R 4 2R AR
i, S5 5R A B A T RO A AR R Y
SRR EOK X Sl % R IR R
EES T A O R S IR S S R — 2 K
TAMEE AR BT A RO AR DA A ] g
P DNGNN B LS S N R G
(Fo) Fv/Fm fi I T (4K 52, i 1 B A K 344
T RE AR B 2 /90 B, AT i o D' 7 i AR
R AR BORISR BB SR AMERE S 4 1S
oy DAH, FREE T AT Bl B8 D (E IR T R0 Hr, 1%
B TAMERE W AR B S IR P aMEAE K
fE ) iReo MR IE R BE O, A2t JA bR R i
UK BB 25 80 2 R/ BT
HRIZE R/ M BB/ R d R i A [l
OIS T AT AMEERE I AN B R E AR,
H b 3B T TR SPAD | IR R AR R T
IAMELE R B B bR o X 5 AT AT ST 45 R — 2L
JCHRIK R I, *MEERE T B Y e - 28 R R, b
T AR R R 2RO 2 R T
AT R S T A PR A X SR B,



450 P E R R AR

2016,38(4)

o TAER 54T,
4 i

Xt 136 AR B R BR 5 E I M2 A K BE
AT 7RIS, A5 2IAMEE R BE I ARG 5 A2l
Hh M AR R RE T Rtk IR A A2 I R B b 0
T E AR OR B R S R RS
o BRI BCRZE R/ M RN P R R . IR
JEHEG LR T M AL SPAD | FR IR AT LA
VEREM R GAMEE R BETT IS E 57

S Lk

(1] #3CEE BRSO R, 5 RIREMFRE, IRMNKE
FAkLT]. REGHRFE,2008,27(1) :1 -7,

(2] £ — B3,k 8,5 AN A I 0 B ek
GRS PEAR A A # [T ]. 1F 9 2 4, 2013. 39
(10) .1 871 -1 879.

(3] & I, ok =, % Y s 2 b
BLEILT]. YE¥) 274t ,2006,32(10) :1 566 -1 573.

[4] TLuo F L, Nagel K A, Scharr H, et al. Recovery dynam-
ics of growth, photosynthesis and carbohydrate accumula-
tion after de — submergence; a comparison between two
wetland plants showing escape and quiescence strategies
[J]. Annals of Botany,2011,107(1) :49 -63.

[5] Luo F L, Nagel K A, Zeng B, et al. Photosynthetic ac-
climation is important for post — submergence recovery of
photosynthesis and growth in two riparian species[ J]. An-
nals of Botany,2009,104(7) .1 435 -1 444.

[6] Oguchi R, Hikosaka K, Hiura T, et al. Costs and bene-
fits of photosynthetic light acclimation by tree seedlings in
response to gap formation[ J ]. Oecologia,2008,155(4) .
665 —675.

(7] 56,2 5,88 3L NE Y IOE 2]
S RO S AT AR [T]. Y54k, 2010
(3) :449 - 456.

(8] 2=y, JRmHa, £ W, 45 A1 0O KOG IR A% o xt
ENGIE S S i ey € R A I AR (R 7/ = 8
2005,31(3) .381 —385.

(91 XA B, & 06, 25, BT 5 S S Kx B AR
SCERHE BRI A [T ] AR,
2011(3) :469 —476.

[10] E &, B, TEZ TRMEKMNREZEHEAE

AR ZSHEPEII R [0 ] A2 25524 ,2006(7) :2 073 -
2 078.

[11] Guo X R, Cao K F, Xu Z F. Acclimation to irradiance

in seedlings of three tropical rain forest Garcinia species

after simulated gap formation[ J]. Photosynthetica 2006 ,

44(2).193 -201.

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

(21]

[22]

(23]

Calatayud A, Roca D, Gorbe E, et al. Light acclima-
tion in rose ( Rosa hybrida cv. Grand Gala) leaves after
pruning: Effects on chlorophyll a fluorescence, nitrate
reductase, ammonium and carbohydrates [ J ]. Scientia
Horticulturae ,2007 ,111(2) ;152 - 159.

RO BRI S SR A R R E M FOEE AR
RO AR [ D ] R DU AR R A
2009.

Ma J, Huang G B, Yang D L, et al. Dry matter remobi-
lization and compensatory effects in various internodes of
spring wheat under water stress[ J ]. Crop Science,2014,
54(1):331 -339.

Naidu S, DeLucia E. Physiological and morphological
acclimation of shade — grown tree seedlings to late — sea-
son canopy gap formation[ J ]. Plant Ecology, 1998 ,138
(1):27 -40.

Han Q, Araki M, Chiba Y. Acclimation to irradiance of
leaf photosynthesis and associated nitrogen reallocation
in photosynthetic apparatus in the year following thinning
of a young stand of Chamaecyparis obtusa[ J]. Photosyn-
thetica,2006,44(4) 523 - 529.

Shimizu M, Ishida A, Tange T, et al. Leaf turnover and
growth responses of shade — grown saplings of four Sho-
rea rain forest species to a sudden increase in light[ J].
Tree Physiology,2006,26(4) :449 -457.

Parker W. Mohammed G. Photosynthetic acclimation of
shade — grown red pine ( Pinus resinosa Ait. ) seedlings
to a high light environment[ J]. New Forests, 2000, 19
(1):1-11.

Burritt D, Mackenzie S. Antioxidant metabolism during
acclimation of begonia X erythrophylla to high light levels
[J]. Annals of Botany,2003,91(7) :783 -794.

Jiang C D, Gao H'Y, Zou Q, et al. Leaf orientation,
photorespiration and xanthophyll cycle protect young soy-
bean leaves against high irradiance in field[ J]. Environ-
mental and Experimental Botany,2006,55(1/2) .87 -
96.

Frak E, Le R X, Millard P,et al. Changes in total leaf
nitrogen and partitioning of leaf nitrogen drive photosyn-
thetic acclimation to light in fully developed walnut leav-
es[ J]. Plant, Cell & Environment,2001,24(12) .1 279
-1 288.

Ramalho J, Pons T, Groeneveld H, et al. Photosynthet-
ic acclimation to high light conditions in mature leaves of
Coffea arabica L. : role of xanthophylls, quenching
mechanisms and nitrogen nutrition[ J |. Functional Plant
Biology,2000,27(1) :43 -51.

Toledo A T, Swaine M D. Biomass allocation and photo-

synthetic responses of lianas and pioneer tree seedlings



X

XBHF B REAME ARG N RO AL SR IR 5 ik 451

=

[24]

[25]

[26]

[27]

to light[ J]. Acta Oecologica,2008,34(1) ;38 —49.
Yamashita N, Ishida A, Kushima H, et al. Acclimation
to sudden increase in light favoring an invasive over n-
ative trees in subtropical islands[ J]. Japan Oecologia,
2000,125(3) .412 -419.

Zhang L, van der Werf W, Bastiaans L, et al. Light in-
terception and utilization in relay intercrops of wheat and
cotton[ J ]. Field Crops Research,2008,107 (1) :29 -
42.

FRTTH, R, SRS, 45 FOK - R IREE
BRSO BRI S X R A KA 5 7 i 2 [ ]
R 24,2015 ,37 (4) :475 - 480.

ENE PV ON 2 G o N N (T NS B W)
ARG R (FR) A R =g [T ] /Y
#2,2015,41(11) ;1 740 -1 747.

(28]

[29]

(30]

[31]

SREZE AIARRE,, 458, 45 WRRA S A I BT 5k
LRATEIN [T ). AR 4% BT 4 412, 2015, 16 (3) : 520
-527.

PERRLL WOOR B, A A TR R D B R R
Ot ROLSEERR PRI e [T ]. op B Al B2, 2014,
47(15):2 927 -2 939.

T RS VPR, AR R P S F AR
PP TIIEAR LT ] A RO B2, 2007,40 (10)
2 145 -2 152.

(7 R M S I N TSI LT o = (VNI
JE AR Z RO AR 07 [T ] v R 27
4} ,2012,34(3) ;268 -272.

(TS £AIJT)



